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MACHNUMBEROF1.9ANDA REYNOIJ)SNUMBER
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lC@OFSE’VXMLFLAP-TYPEIATERAL-CONTROL —

DEVICESONA WINGHAVING42.7° SWE3H3ACK -—=—

OFTHELEADINGEIX2E

ByKennithL. Goin —

suImARY

An’investigationwas.madeofvariousflap-typelateral-control
devicesona winghaving42.70 sweepbackof the eadingedgeat a ~chknumiberof1.90 anda Reynoldsnumberof 2.2x 10 .

.-
Includedweretests

of severaloutboardailerons~ noseflapssanda f~- S- ~leron”
Theoutboardaileronstastedconsistedof a 20-yercent-chordaileron
WIththe%asic (circular-src) wingcontourandseveralotherailerons
havingprofileswhichwereobtainedby (a)cusping,(b)flattening
thesides,(c)flatteningthesidesandthickeningthetraillngedge,
and (d)flatteningthesidesandextendingthechord.Thel~-percent-
chordnoseflapstestedhadspsnswhichwere40percentsnd60percent
thatof thesemispanmodel.Thefull-spanailerontestedhadthe .-
IIasicwingcontour.

--

Alltheaileronstestedhadpositiverollingeffectivenesswhich
increased(fortheoutbosrdaileron)as theprofilewaschanged%Y
cusping,thickeningthetrailingedge,or extendingthechord.The
noseflapstestedwereeffectiveinroll.Therollingmomentsof the
basicaileron-d noseflapswereadditiveendindependent.The
60-percent-spsnnoseflaphada measwedeffectivenessinro~ comparable .

—

withthatof theoutboardbasicaileron.An increaseofabout10 percent
inminhumdrag,overthatof thewingwithbasicaileron, wasmeasured
fortheextended-chordaileronandtheaileronhavingtrailing-edge
thiclmessequaltohinge-linethickness.No appreciableeffectsof the
otheraileronson dragwere

Free-flighttestsofa

measured.

IN’IRODUC!IIION

42.70sweptbackwingequippedwith20-percen&
chordflap-t~eoutbosrdaileronshaveindicateda reversalofaileron
roM3ngeffectivenessnesra Machnumberof1 (reference1). Thereverssl
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wasbelievedtobe aneffectof thelargetrailing-edgeangleof the
circular-arc-airfoilprofile.

.
An investigationof severalaileron

proffles,noseflaps,andfull-spanaileronson thewing--hasteenmade ~
----

at theLangleyAeronauticalhborato~ inau efforttodeterminea
satisfactorymethodofobtainingpositiverollccmtrol.Includedwere
free-flighttestsatMachnudbers of 0.6to1:8 (references1 and2),
Wansoni.c-bwqptestsatMachnumbersofO.~to1.2 (references3 and.4),
andwind-tunneltestsat a Machnumberof1.90(references~ and6).

Control-effectivenesstestresults(preliminaqresultsre~orted
inreferenoe~) obtainedat a Machnumberof1.90anda Reynoldsnumber
of 2.2x 106in theLangley9-by 12-inchsupersonicblowdcmntunnel
eYesummarizedh thisreport.=cludedweretestsofthebasic
(circular-arc)aileronandaileronshavingprofileswhichwereobtained
by (a)cusping,(b)flatteningthesides (c)fl.atteningthesides
andthickeningthetrailingedge,and(d~flatteningthesidesend
extendingthechord.TestsofIs-percent-chordnoseflapshaving
spansof40~rcentand60percentof thesemispanmodelandtestof
a full-spanbasic aileronwerealsomade.

%
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SYMBOLS

liftcoefficient
()
Lift
T

r)
dragcoefficient-&

pitching-momentcoefficient

rolling-momentcoefficient

(PitchingmomentaboutO. z
qsc ‘)

(
Rolls

)
w momentaboutrootchord

2qsb

.
—

,

localchordofaifioilin streamwisedirectfon

twicethedistancefromthewingrmt chordtothetip(lZ!.000tn.)

mesnaerodynamicchonlof entirewing(3.101in.)

entireareaof semispanwing(17.943sq in.)

free-stream&ynsmic press’izre

an~e of attackrelativetofree-streamdirecti&

deflectionoflateral-controldeviceina planenormsl.to the
.

hingeline@ositivefornoseflap bn whenleadingedge
isdeflectedupwardandpositiveforaileron”ba when ●

trailingedgeis deflecteddownwa@

NW=@c “1
-’
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Machnumber

Reynoldsnumberbasedon5

ratioof trailing-edgethicbessto thicknessat 0.8c
(aileronhingeline)fora seriesofflat-sideailerons

~DIILSKNDTESTS

Thesemispan-wingmodelwastestedaloneandin thepresenceofa
fuselage(fig.1). Theprincipaldimensionssxeshowninfigure2

forthefuselage-offconfiguration* infigure3 forthefuselage-on
configuration.Thewing”hada leading-edgesweeplackof42.7°,anaspect
ratioof4, a taperratioof O.~,sndan airfoilsectionnormalto the
qu.arter-chorcllinewhichverycloselyapproximateda lo-percent-thick
circular-arcsection.Thesectionsinthestresnwisedirectionwere
approximately8 percentthickwithordinatesas givenin tableI.

Twosteelwings(identicalwithinconstructiontolersaces)anda
brassfuselage,W havingpolishedsurfaces,wereusedforthesetests.
Thetwowingsweranecessaryto coverthedesiredrangeof test
configurations.

Theout%oardaileronstestedareshownh figure2. The contour
of thebasicaileronwasmadeto conformto thewingprofile.The
cusped,t = 0.0,t = 0.5,and t = 1.0 aileronshadtheseamplanform
as the%aeicaileron.Theextended-chordaileronhadflatsidesanda
chordtwicethatof thelasicaileron.Thefull-spenaileron,as
showninfigure3, hadthessmecontouras thebasicaileronandextended

fromO.13to 0.965 Thehingelineforallaileronstestedwaslocated

atapproximatelyO.@c. Thecontoursofthenoseflapsextendingfrom0.6

to l.~and fromO.k to l.~were formdby thebasictingcontour.”The
hingetie
wing. The
unbalanced
directions

L

waslocatedat,O.l~candina planenearme surfaceof the
installationsof theaileronsandnoseflapssimulatedsealed
flap-@pecontroldevices.Ilatailsof theinstaJJationsand
ofdeflectionsareshowninfigure2.

Thepresenttestsweremadein theIangley9-by 12-inchsupersonic
blowdowntunnelata Machnuniberof1.90. Thistunnelisa nonreturn-
tyq@tunnelwhichutilizestheexhaustairof the19-footpressuretunnel.
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ThedynamicpressureandReynoldsnumlerd.ecre-~edabout~ percentduring
eachrunbecauseofdecreasingpressureof the--inletair.

Twomethodswereusedinmountingthewingalonginthetunnel.The
data forwing1 (table11)wereobtainedfromtestswitJ_themodelattached
toa ~-inch-diemeterdiskthefaceofwhichwasflushwiththetunnel
flooro Theremainingdataarefromtestswithwing2 mdntedthrough
a similardiskwhichwasnotattachedtothemodelorbalancebutwhich
rotatedthroughtheangle-of-attackrangewith,themodel.Testsof the
basicailerononwings1 and2 shownomeasurabledifferencesresulting
fromthetwomethodsofmountingor thetwomotilsused.

.

—

.J—

—

DuringtestswiththewingInthepresenceofa halt?-fuselage,only
forceson thewingweremeasured.The.i.nstdlationforthisconfiguration

—

isdescrib~inreference6. —

Thesemispan-wingmo~elwasinallcasescantileveredfroma four-
componentstrain-gagebalancewhichwasattachedto thetunnelfloor.

..

Thebalancerotatedthroughtheangle-of-attackrangewiththemodel
andmeasurednormalforce,chordforce,pitchingmcment,androlling
momentduetonormalforce.

—

.-
TheInboardendof thewingwasusedasa referenceaxisfor

rollingmomentsinallcaseseventhoughitwas.displacedfrm”the
. :

fuselagecenterlineduring fuselage-ontests(fig.3) inordertogive —
em exposedwingareacomparablewiththatofreferences~ and4.

—
,

PRIXXSION(IFIIATA -.

Free-streamMachm.uiberhasbeencalibratedat 1.90-*0.02.This
Machnumbr wasused in determiningthedymmicpressureonwhichallthe ..—
presentdataarebased.Variousfactorswhichmightpssiblyaffectthe
testresultsof thistunnelarediscussedinreference7. Condensation
ofmoistureisoneof these(the”’inletairwhichentersa-ta pressure

of 2*atmospherescontainsabout0.003poundo~waterper’poundof air).

Withregardtothewing-alonetestarrangement,notconsideredin
reference7, theeffectsof theO.k-inch-thicktunnel-wall%oundery
layerarenotlmown.It isbe~eved,however,thatno largeerrors
arepresentbecausethetheoreticalwing-alonelift-curveslopeof 0.045
isinreasanzibleagre~nt withtheexperimentalvalueofO.@#l.In
anyeventtheoutloardaileronandnose-flapcharacteristicsshould
showlittle,ifany,effectsof theting-root%oundarylajyer.

Theaccuracyofmeasurementsforlowailerondeflecthnsis
believedtobe of theorderindicatedIn thefollowingtable:

-

—

.

.
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Variable: Error
. a . . . . . . . . . . . . . .*....-.* . ...**.= *0.050

~a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S
b~. . . . . . . . . . . . . . . . . . . . ● . . . . . . . . . .20
%“””””””””””””””” ““””””””””””0” .005
cl. ● . . ● ● ● ● ● ● ● * ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ** ● .0003
%“””””””””””””””” ““*””””””””*”” .001
CD. . . ● . . e ● . . . . . . ● ● ● ● ● . . ● ● ● . ● ● . ● ● .001

Forailerondeflectionsofabout15° Cz,Cm SJMICD showed
unsteatiesswhichresultid in errors somewhat,geaterthanthose
indicatedinthetable.

RISULTSANDI)ISCUSSION

Thetestresultsforthebasicaileronwithoutfuselagearepresented
infigurek showingthevariatiaofeachaerodynsniccoefficientwith
angleofattackforthevariouscontrol-surfacedeflections.Efceptfor
drag,thecurvesforeachofthecoefficientswerelinearandparallel

. withintheinvesti~tedrsngeofangleofattackandcontrol-surface
deflection.Suchfemi.liesoflinear~arallelcurveswerefoundto occur
foreachofthereminingconfigurations.Accordingly,thetestdata

. havenotbeenpresented,%utcrossplotsaregivenwhichshowcdy the
incrementrelativeto zerodeflection,of eachaer~c coefficient
plottedagainstcontrol-surfacedeflection(figs.5 to10). Forthe
dragcrossplotstheactualfairedvalues, ratherthantheficremnts,are
plotted.forzeroangleofattack.Becauseof thefrequentclose
~oupingof the”oross-plotpoints,symibolshavebeenused~ tiecross
plots(figs.5 to10)toaidh identifyingthevariousconfigurations.
Someofthemoreimportantaerodynamiccha=cteristicshavebeen
sunznarizedintableII. Thero~ng-effectiveness~ta (figs.~ and6
andtableII)areapplicabletoa completewingwithdeflectionof
oneaileronornoseflap. Lift,drag,andpitching-momentcharacteristics
(figs.7 to10 andtableII)applyto a semispanwingwithpositive
deflectionsoftheaileronornoseflap.

Thedatapertainingto thecusped,extended-chord,ad basic
aileronhavebeenpublishedpreviouslyIn reference5. Ithasbeen
foundsincethepresentationof theeedata,however,tht deflectim
ofthestrain-gagebelance,resultingfrmamodelpitchingmomnts,
madenecessarya correctiontoangleofattack.Thesmalldifferences
existingbetweenthedataTresentedhereinandthoseofreference5
srea resultoftheseangle-of-attackcorrectionswhichhavebeen
appliedtoalJ-thepresentdata.
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Thedatapresentedincludeseveralreyeattestsof thepartial-span
basicand t = 0.5 ailerons.Inviewof theamountandconsistencyof ● —

Iicz.
testdata,itis believedthatvaluesof — forthesetwoailerons,as

dba
presentedin tableII,areaccuratetoabout*6 percent.Forthsother
aileronsandnoseflaps
accuracyisbelievedto

whereonly onesetofda-~isavailablethe
be aboutA1Opercent.

— :

ROILINGMOMENTS

dCz
Ailerons.-Therolling effectiveness— ofthesixoutboard

dba” .
aileronsandthefull-spanaileronis shownk figure5 andtableII.
Theeffectivenessofthe t = 0.0 aileronwasthesameas thatfor
thebasicaileron.An increaseineffectiveness,overthatofthebasic
aileron,ofabout10percentforthecuspedand t . 0.5”ailerons,
50percentforthe t = 1.0 ailerm.100uercentfortheextended- -.
chordaileron,and30 percentforthgfull~spanbasicaileron(when
testedinthepresenceofa fuselage)wasshown.No appreciableeffects
of thefuselageonoutboardaileroncharacteristicsweremeasured.
Changingtheaileronprofilefrombasicto t = 0.5 cau=edan increase
ofabout40 percentinhingemomentsat a Mchnumber of1.90as

.-

comparedwiththeincreaseofabout10percentinrollingeffectiveness.
(Seereference.)

Withregardto theusefulnessoftheseailerons,trensonic-bump
testsindicatedthatthereversalinaileroneffectivenessinthe
traqsonicspeedrangewouldnotbe materiallyimprovedby cuspingor
flatteningthesides(t= 0.0)of thebasicaileron(reference3).
Positiveeffectivenesswasobtainedinbuq andfree-flighttests,
however,by extendingtheaileronchordtoatleast0.32corly
thickeningtheaileron
3, - 4)”

tmfling edgetoatleast t = 0.5(references2,

Noseflaps.-Both
roll,butno effectof

thenoseflapstestedwereeffectiveinproducing -
eitheronaileronrolling-momentcharacteristics

dC.
wasshown(fig.6). Thevalueof ~ was0.@022fortheO.$nose

.
flapand0.00035fortheO.~nose flapccqmredwith0.00034forthe—
basicaileron.

,.
Calculatedhingemomentsforthe0.$ noseflap(for

whichthesecond-ordernmthodofreference6 shouldbefairlyaccu-
rate)wereoftheorderoftwicethoseforthebasicaileron.That
is,forthesamedeflection(andpracticallythesameexperimental
rollingeffectiveness),thenoseflaphadtwiceasmuchhingemoment
as didtheaileron.Thisgreatermagnitudein.hingemom6ntdoesnot

“

.

—

.

-.

.

.

. .
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appearunreasonableifit isrememberedthatdeflectingthenoseflap.
notonlycausesa changeinloadingontheflapbutalsocausesa change
inloadingof theoppositesignontheportionof thewinglehind.the
noseflap. ~ta presentedinreference3 Ucate thattithetmnsonic

speedrangetheO.@ noseflapisineffectiveas a controldeviceand
c

hasanadverseeffectonail.ercnrollcharacteristics.

IiD?T,DRAG,ANDIZTCBINGMOMFXT

Ailerons.-Thelift,drag,andpitching-moment
thefig withthevariousaileronstestedareshown

characteristicsof
infigures7 and8

.

andaresummrizedh tableII. Thesecharacteristicsofthewingwith
cus~ed,t = 0.0 * t . 0.5 aileronswere-essentiallythesameas

dCL ~ -dCm
thosewiththebasicailercm.Valuesof ~

dsa
wereincreased

by the t = 1.0 ailercmandwereincreasedafiherby theextended-chord
aileron.A trendwasno~d towardincreasingwinglift-curveslopeand
rearwardshiftof chordwisecenterofpressureas theailerontrailing
edgewasthickenedorastheaileronchordwasextended(tableII).
Althoughthetrendtowardincreasinglift-curveslopewaswithinthe
estimatedaccuracyof thedataforthe t = 0.0 and t = 0.5 ailerons,
substantialincrementsweremasuredforthe t = 1.0 andextended-
chordailerons.As a matterof interest,increasingthesyanof the

d%
outboard‘basicailerontofullspancausedan increasein —

d8a
approxi-

matelyinproportionto theincreasein area.No appreciable–effects
of aileronprofileon dragwere measuredexceptfor the t = 1.0 and
extended-chordaileronswherean increaseofabout10 percentin ~
(correspondingtoan increaseofabout25Tercentin sectiondrag)0$%
thatforthebasicaileronwasshown.Reference4 indicatesan increase
in dragforthe t = 0.5 aileron,however,anda considerablylarger
increaseforthe t = 1.0 aileroninthehighsubsonicendtransonic
speedrange.

dCL
Noseflaps.-Theratioof — to control-surt’aceareawasabout

da
25percenthigherforthenoseflaps“- forthebasicaileron.The
incrementsofliftcontributedby thebasicaileronandnoseflapswere
additiveandindependent.Therewereno effectsoftheposeflapson %
withthenoseflapsdeflectedeitheraloneor in combinationwiththebasic
aileron(figs.9 end10)“althoughthegreaterportionsof thenose-flal?
liftingsurfacewerebehindthepitching-momentreferenceaxis. The
negativeyitchingmomentexpectedbecauseoftheincreasedu@oad on

-----
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theflapkppsrantlywascanceledby a positiveyftchingmomentresulting
froman induceddownloadon thewingpanellehlndtheflap. Thedownload,

.

thoughofsmallermagnitudethanthe.upload,wouldbe o~ratingata
considerablygreaterdistancebehindthepitchaxistkuitheflap. The ,, —
increaseinwingdrag
somewhatgreaterthan

Fromtests
havingbiconvex
characteristics

1.Allthe

causedby thedefl.6ctiti’ofeithe~noseflapwas
thatcausedbybasicailerondeflection. —

CONCLUSIONS —

— ;—

ofa winghavingh2.70sweepbackof
sections,thefollowingconclusions
at a Machntier ofl.go:

theleadingedgeand
maybe drawnconcerning”

aileronstestedhadpositiverollingeffectiveness.An
-increasedeffectivenesswasshownas theaileronprofilewaschanged
fromthatof thebasic(circular-arc)aileronby cusping,extendingthe
chord,or thickeningthetrailingedge.

2.The15-percent-chordnoseflapstestedwereeffectivein
producingroll.The60-percent-semispannoseYlaphadapproximatelythe
samerollingeffectivenessas thebasicaileron.

3. Therol.li.ngmomentscontributedbythebasicaileronandnose
flapswereadditiveandindependent. -,

.—

.-
.

.—.

4.No appreciableeffectsofaileronyrofileondragweremeasured
exceptfortheextended-chordaileronandtheaileronhavingtrailing-
edgethicknessequaltothehinge-linethickness.An increaseofabout
10~ercentinminimumdragwasmeasuredwiththeseailerms.

Ia@l.eyAeronauticalLaboratory
NationalAdvisoqyCommitteeforAeronautics

_ey MrFo&ce Base,Va.
—

—

,.

—.-—..
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—

AIRFOILS~TIONOF~2.70
..

SWEPT3ACKTAPEREDWING

[Stationsandordinatesgiveninpercentairfoilchord

—

.= —

h free-streamdirection;sectionsymmetrical
aboutchordline~

Slxltion Ordinate

o-
; .712
10 1.357
15 1.935
20 * 2.444

2*884
:: 3.253
35 3*549

3=772
g 3“919
Po 3*989

3.981
Z
65”””

3.892
3.720

70 3.463,
75 3.QO
80 2.686
85 2.161

1.~40
;; .821
100 0

1
.———

“’x5+’-
—
--
i-

-—

——.

. -

.



TABLE II

CHKRAOTERIEICICS(IFA 42.70SWEFTBACKWtNGWITHSEVERAL

TKPEsOF AIIERONSm mm lmfm3

dcm
q

-0.18

.18

.23

DescriptionFuselage
dcm

x
control
detice

Aileron

LWlllg

&land21

%,BiC
I

off 0.00034 0.0018 -0.0019

+

.031 .041

.033 .044

Ousped I .00037 -Oolg .0019

Extended
chord I .0044

.0317

.0020

.0028

.0044

. CQ8

.0018

.00070

. CXM34t = 0.0 I .031 .041

.030 .041

.034 .042

.025 .037

.025 .037

.030 .041

.030 .041

.18

.00C38 .19

.20

.25

.25

.18

.18

t = 0.5 I
.0027

.m)26

t = 1.0 I .00050

mill frpan
baalc I on .00043 .0038

Out’boara

bar3ic I .00034

.00322

.0017 .0017

0.15C
Nose flap

0.+ I off .0014 . Cmoo

0.$ I . OocoI 1 .00035 .0022

=z9=-

1
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(a)Mo-untecl intestsectIonoftheLen@sy$)-by12-tihsu~ersonicblowdowntunnel.

Figure 1.- 42.~ semlspmingmodelendfuselage.
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(b) C1OEIS-UP d w@ and fwe~e.
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